MECHANICAL STIMULI AFFECT E. COLI HEAT STABLE ENTEROTOXIN (ST)-CYCLIC GMP SIGNALING IN A HUMAN ENTEROID INTESTINE-CHIP MODEL.
Modeling host-pathogen interactions with human intestinal epithelia using enteroid monolayers on permeable supports (such as Transwells) represents an alternative to animal studies or use of colon cancer-derived cell lines. However, the static monolayer model does not expose epithelial cells to mechanical forces normally present in the intestine, including luminal flow and serosal blood flow (shear force) or peristaltic forces. To determine the contribution of mechanical forces in the functional response of human small intestine to a virulence factor of a pathogenic intestinal bacteria, human jejunal enteroids were cultured as monolayers in microengineered fluidic-based Organ-Chips (Intestine-Chips), exposed to enterotoxigenic E. coli heat-stable enterotoxin A (ST), and evaluated under conditions of static fluid, apical and basolateral flow, and flow plus repetitive stretch. Application of flow increased epithelial cell height, and apical and basolateral secretion of cGMP under baseline, unstimulated conditions. Addition of ST under flow conditions increased apical and basolateral secretion of cGMP relative to static conditions, but did not enhance intracellular cGMP accumulation. Cyclic stretch did not have any significant effect beyond that contributed by flow. This study demonstrates that fluid flow application initiates changes in intestinal epithelial cell characteristics relative to static culture conditions under both baseline conditions and with exposure to ST enterotoxin, and suggests that further investigations of application of these mechanical forces will provide insights into physiology and pathophysiology that more closely resembles intact intestine than study under static conditions.